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Abstract Temperature-dependent near-infrared (NIR) spectroscopy has been proposed and used in the quantitative analysis
of multi-component mixtures and the understanding of the interactions in solutions. Mutual factor analysis (MFA) was de-
veloped, in our previous work, to detect glucose content in aqueous solutions and serum samples using the NIR spectra
measured at different temperatures. The essence of the algorithm is to extract and compare the spectral component, named as
standardized signal (SS), mutually contained in the spectral data of different samples. The relative quantity of SS can be used
to build the calibration model for quantitative analysis. Furthermore, the spectral information of water can be used for the
analysis, because the change of the water spectrum with temperature is a reflection of the change in glucose content. In this
work, serum samples with low glucose concentration were prepared and measured at the temperature range of 30~60 C
with a step of 5 °C. The feasibility of MFA in the quantitative determination of low concentration samples was further stud-
ied. Serum solutions with glucose content of 1.0~15.0 mmol/L and 0.0~1.0 mmol/L were prepared, respectively. Before
calculation of MFA, continuous wavelet transform (CWT) was used to improve the resolution of the spectra. The results show
that MFA can achieve an accurate quantification of the glucose content. The linear correlation coefficients (R) of the calibra-
tion models between the relative quantity of SS and the concentration of glucose are 0.9923 and 0.9895, respectively, and the
root-mean-squared error of prediction (RMSEP) are 0.35 and 0.07 mmol/L, respectively. The relative error of predicted con-
centration of samples in the validation set obtained from the calibration model of samples with a concentration of 1.0~15.0
mmol/L are in the range of —12.00%~5.64%, which are in a reasonable level for clinical uses. Temperature-dependent NIR
spectroscopy combined with MFA may be a potential way for detecting the micro-content components in complex aqueous
systems.
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Figure 1 Measured spectra (a) and transformed spectra (b) of serum

with the glucose content of 0 (blue) and 15.0 mmol/L (red), measured at

30 (dot line), 45 (dash line) and 60 (solid line) C, respectively. Trans-
formed spectra were calculated by CWT with Sym6.
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Figure 2 Results obtained by MFA for the spectra of the sample in
group A. (a) Standardized signal (SS) and (inset) the relationship between
the intensity at 7097 cm ' and temperature. (b) Relationship between z
and glucose concentration
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Figure 3 Relationship between the reference values and the predicted
values of glucose content in group A samples (The line is obtained by
linear fitting)
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Table 1 Prediction results of glucose content in the validation set sam-
ples of group A

2% A{H/ &/ wE/

L -
e (mmolL ") (mmolsL™") (mmolsL ") AR/ %
1 3.0 2.64 —0.36 —12.00
2 5.0 5.07 0.07 1.40
3 7.0 7.06 0.06 0.86
4 9.0 8.73 —0.27 —3.00
5 11.0 11.62 0.62 5.64
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Figure 4 Results obtained by MFA for the spectra of the sample in
group B. (a) Standardized signal (SS) and (inset) the relationship between
the intensity at 7097 cm ' and temperature. (b) Relationship between z
and glucose concentration
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Figure 5 Relationship between the reference values and the predicted
values of glucose content in group B samples (The line is obtained by
linear fitting)

128  http://sioc-journal.cn

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R AN S B S M TME Z B A R EL R M
RMSEP {H 43519 0.9833 #1 0.07 mmol/L. % 2 t¥di Ny
B U £R A o 260 B B B2 5 H S TRONME 22 18] (5% 25 I
AEXTRZE, AT AR A KR 29 —0.09 mmol/L, 7EIfAR
FYFIRZEE AP HE B AU IFSERE 5 A X 1R 2 1
WK, FEIEARE A 0.05 mmol/L Ff & FIAH X 15 22 814
£ 40.00%, MARXT1RZE T KA, BEALKE BB A E
F B R B T & R R S T eabh, A T Bk
(A EE A, R 36 I 4 Hh R 2 B VR 40 31 0.60 F0.70
mmol/L 15 & FE 53T VEAS, AHXS bR 2= (RSDYE 77
BN 3.77%F1 4.92%, EEVERLF. DL EghRER, B
HABAFRTMGE 5, BRI R R %A MFA
54T DL SB35 A 6 2 B 1 e B A

22 B ALK RE S R ERE S R T 45

Table 2 Prediction results of glucose content in the validation set sam-
ples of group B

2% A{H/ &/ wE/

L o
5 amolL ) (mmolL ) (mmoleLl) XIEES%
1 0.05 0.03 —0.02 —40.00
2 0.15 0.17 0.02 13.33
3 0.25 0.30 0.05 20.00
4 0.40 0.43 0.03 7.50
5 0.60 0.53 —0.07 —11.67
6 0.70 0.61 —0.09 —12.86
3 g
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